Introduction
Studies of 24-h blood pressure in adults have shown that mean 24-h systolic blood pressure is a better predictor of end-organ damage than casual or office measurement. 1, 2 There are now a number of reports from the adult literature that increased blood pressure variability is also related to end-organ damage, although the reasons for this increased variability remain speculative. [3] [4] [5] [6] A recent study in children found a significant association between birth weight and blood pressure variability, measured using 24-h blood pressure recordings in childhood, suggesting that the tendency to high blood pressure variability is determined, at least to some extent, in intrauterine life. 7 The investigation of blood pressure variability is complicated by the fact that blood pressure has a positive relation with variability, 5 and also that 24-h blood pressure in children is influenced by age and gender. 8 This present study was designed to investigate further the hypothesis that blood pressure variation in childhood may be predicted by birth weight, independently of blood pressure values, after adjusting for potential confounding factors such as age, current blood pressure, gestation and gender.
Materials and methods
Over 1000 children, free from cardiovascular and renal disease, from 26 schools in Newcastle upon Tyne agreed to participate in a study of 24-h blood pressure measurement. 8, 9 Parents were requested to complete a questionnaire for information on birth weight and gestation of the child and family history of hypertension. The reported data on birth weight were confirmed for over 600 cases by retrieving the original hospital birth records. 10 The study used a TM-2421 device (A & D, Japan) giving Korotkoff readings to measure 24-h blood pressure. Oscillometric readings were also available, but were excluded due to the poor British Hypertension Society grades obtained. Measurements were taken every 30 min during the day and every 60 min between 2200 and 0700. The protocol has been described in detail elsewhere. 9 All readings were accepted unless the recorded systolic blood pressure was p50 or X200 mmHG; the diastolic blood pressure was p30 or X100 mmHG and the heart rate X200 or p30 bpm. If more than 25% of the recordings for an individual were erroneous, all data from that individual were excluded. Blood pressure variability (both systolic and diastolic) was estimated as the standard deviation of the 24-h readings, but was log-transformed to reduce skewness.
Linear regression was used to model the relationship between blood pressure variation and other variables, with interactions tested using a likelihood ratio test. Birth weight was treated as a continuous variable to avoid the problems associated with arbitrary groupings, although the data were also analysed using the same groupings as Lurbe et al 7 to allow comparison with their results. Current age was modelled using fractional polynomials 11 to account for the nonlinear relationship with blood pressure variation, and was also investigated in terms of the 'under 11' and '11 years and over' groupings used in a previous investigation of these data. 8 Analyses were performed using the statistical software package Stata. 12 
Results
After applying the exclusion criteria, 9 976 children (550 girls) were included in the analysis. The results for systolic blood pressure included all 976 children, while the results for diastolic blood pressure included 938 (529 girls). Table 1 No statistically significant relationship was observed between birth weight and the variation in either systolic or diastolic blood pressure, with or without additional adjustment for actual blood pressure values or other potential confounding variables, or when gender specific (Table 2) .
Similar results (P40.2) were seen when a coefficient of variation (equal to the standard error divided by the mean of the 24-h measurements), which allows adjustment for the positive correlation between blood pressure mean values and variability, 5 was used in the analysis. In contrast to our results for blood pressure value, 8 no significant interactions were found between current age (either when treated as a continuous variable or when modelled as o11 years vs X11 years) and gender on the results for either systolic or diastolic blood pressure variation. Similarly, there were no significant interactions between birth weight and gender or age. No significant differences were seen in variation of either systolic or diastolic blood pressure across the birth weight groups used by Lurbe et al. 7 Nor were any significant trends in blood pressure variability seen using either the log-transformed values or the raw data.
Discussion
In a previous investigation of this cohort, 8 we observed a significant relationship between birth weight and childhood blood pressure and that this relationship varied with gender and age. In a similar study of 630 healthy Spanish children (aged 4-18 years), Lurbe et al 7 also found a significant correlation between birth weight and blood pressure. In addition, they observed that birth weight was related to blood pressure variability, independently of mean blood pressure values, with low birth weight associated with higher variability. This was shown to be independent of variation in heart rate, suggesting that variation due to differing levels of physical activity could be ruled out.
In the present study of a representative cohort of nearly 1000 children, we were able to confirm some of the findings of Lurbe et al but not others. We found a positive relationship between blood pres- we also demonstrated a negative association between mean 24-h systolic blood pressure in childhood and birth weight, but found that this relation was influenced by the age and gender of the children. Taking these factors into account, we were still unable to demonstrate a significant association between birth weight and blood pressure variability. In addition, we recreated the birth weight groupings used by Lurbe et al and again found no significant association.
Blood pressure variation increases with age. 5 However, as the average age of the individuals in this study was slightly higher than that in the study of Lurbe et al, this fails to explain the difference in results. Similarly, while both studies were unable to assess short-term fluctuations in blood pressure due to the use of intermittent measurements, 13,14 the protocols for measurement and for estimation of blood pressure variability appear similar enough to rule out this as an explanation. However, the number of readings per child (mean ¼ 44) was lower in the present study compared to that of Lurbe et al and hence would have achieved a less accurate assessment of blood pressure variability.
The importance of blood pressure variability in childhood has not been extensively studied and the most appropriate measure of variability in this age group is not yet clear. Adult studies have assessed the variability of both systolic and diastolic blood pressure using measures such as the standard deviation of the daytime mean, 4, 5, 15 the standard deviation of the night time mean, 5,14 the coefficient of variation (estimated as the standard deviation divided by 100 times the mean blood pressure), 5 the difference between the average value in the top 5% of readings from the overall average for the individual, 4 intermittent standard deviations 6 and the sleep/awake ratio. 16 We used the standard deviation of the 24-h blood pressure monitoring values as a measure of the 24-h variability, which shows the spread of an individuals blood pressure readings taken over a 24-h period. It is possible that other measures of variability would be more informative. The mean level at the time of rest (evening, prior to bed) and mean level at the time of activity (school) could be compared and used as a measure of individual variability. Likewise, resting readings could be compared to the mean 24-h or daytime readings, but there is no evidence that either of these would be more informative than the standard deviation as used here and in other studies.
Previous research has linked increased blood pressure variability with a number of adverse cardiovascular outcomes, including target-organ damage among individuals with hypertension, 4, 17 and carotid atherosclerosis, 18 although this has not been consistent across all studies. The present study suggests that although intrauterine life has a significant influence on blood pressure levels, 8 it does not have a statistically significant influence on blood pressure variability. Environmental or lifestyle factors in postnatal life would appear to be the most important determinant of blood pressure variability, but the difficulty of obtaining a good measure of blood pressure variability needs to be recognised.
In summary, the data presented here do not suggest a significant relationship between birth weight and blood pressure variation in childhood. However, as little research has been published in this area, further investigation is required. Birth weight and blood pressure variation
